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(54) AIRCRAFT

(57) [Problem to be Solved] To provide an aircraft
that can improve cruising speed by making the body
shape of the airframe (especially, multicopter) into a
shape that has less unnecessary positive lift force by the
main body and less drag in the cruising posture of the
airframe.

[Solution] An aircraft equipped with a plurality of ro-
tary blades including a propeller and a motor, wherein

the aircraft comprises a main body with an inverted airfoil
shape. The main body has an attack angle that does not
generate a lift force or produces a negative lift force dur-
ing cruising. The main body has a positive attack angle
of 12 degrees or less. Further, it is provided with a mount-
ing unit on which a mounted object can be mounted. The
mounting unit is connected to the main body via the con-
nection unit.
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Description

[TECHNICAL FIELD]

[0001] The present invention relates to an aircraft.

[BACKGROUND ART]

[0002] In recent years, research and demonstration
experiments have been conducted for the practical ap-
plication of services using an aircraft such as a drone or
an unmanned aerial vehicle (UAV) (hereinafter collec-
tively referred to as "aircraft"). An aircraft (hereinafter col-
lectively referred to as a multicopter) that includes a plu-
rality of fixed-pitch propellers and moves by tilting the
airframe, which is generally called a multicopter, has a
simple structure as compared to VTOL aircraft equipped
with a tilt rotor and tilt wing mechanism on the main wing,
and thus, has the advantages of making production and
maintenance easy, and having few failure points.
[0003] However, the multicopter-shaped airframe is in-
ferior in fuel consumption to a VTOL aircraft that flies
using the lift generated by the main wing, and the drag
generated by the main body is not taken into considera-
tion. In view of such a situation, Patent Literature 1 dis-
closes an aircraft that reduces the load on the rotary
blade. (see, for example, Patent Literature 1).

[PRIOR ART LIST]

[Patent Literature]

[0004] [Patent Literature 1] U.S. Patent Application
Publication No. 2020/0001995

[SUMMARY OF THE INVENTION]

[Technical Problem]

[0005] In Patent Literature 1, by setting an angle be-
tween the rotation axis of the rotary blade and a normal
line of the reference plane of the main body to be between
5 and 30 degrees, an aircraft (hereinafter collectively re-
ferred to as conventional aircraft) has been developed
for the purpose of forming a positive attack angle when
the rotorcraft moves forward, and reducing the load on
the rotorcraft and improving the flight time by a lift force
generated by the main body.
[0006] The multicopter constantly consumes energy
while it stays in the air. Conventional aircraft reduces
energy consumption and improves flight time. However,
as shown in FIGS. 16 to 17, like the conventional aircraft,
in a shape in which the main body 10 generates a positive
lift force during cruising and reduces the load on the rotary
blade, when the number of rotations of the rotary blade
is increased to increase the cruising speed, both the up-
ward lift force generated by the rotary blade and the force
that the aircraft rises by a lift force generated by the main

body 10 increase. Therefore, the forwarding speed de-
creases, for example, the flight vehicle cannot move for-
ward in the horizontal direction and heads diagonally up-
ward.
[0007] Further, if the number of revolutions of the rotary
blades is suppressed so that the flight vehicle does not
move upward, the propulsion force decreases according
to the amount of decrease in the number of revolutions,
and thus, the cruising speed of the flight vehicle decreas-
es.
[0008] In transportation, inspection, photography and
the like, which are mentioned as services to be put into
practical use, movement speed is required, especially is
remarkable in the transportation field. Improving the
movement speed means that the energy consumption of
the entire flight system leads to the improvement of the
fuel efficiency of the entire system. For example, in a
flight from a certain point A to a point B, the less time the
aircraft stays in the air, the less energy consumption.
Even when the load on the rotary blade is reduced like
a conventional aircraft, energy consumption becomes
small, but as described above, it cannot reach the point
B in the shortest distance because it rises due to the
attack angle of the main body 10 in exchange. By reduc-
ing the rotation speed of the rotary blades to prevent this,
the speed is reduced. As a result, the arrival at the point
B is delayed, and the energy consumption increases as
the flight time increases.
[0009] In order to move the multicopter at a higher
speed, it is necessary to rotate the rotary blades that
generate thrust faster, and the high-speed rotation of the
rotary blade is made possible by increasing the load ap-
plied to the rotary blade.
[0010] In order not to reduce the rotation speed of the
rotary blades, there is a method to make the aircraft heav-
ier and increase the load of each rotary blade, but it is
clear that making the aircraft heavier with unnecessary
weights adversely affects fuel efficiency.
[0011] Therefore, an object of the present invention is
to provide an aircraft that can improve cruising speed by
changing the main body shape of the airframe (especially
the multicopter) to a shape that suppresses drag while
the main body suppresses drag in the cruising posture
of the aircraft, while reducing unnecessary positive lift
force.

[Technical Solution]

[0012] According to the present invention, there can
be provided an aircraft equipped with a plurality of rotary
blades including a propeller and a motor, and having a
main body with an inverted airfoil shape.

[ADVANTAGEOUS EFFECTS]

[0013] According to the present invention, a body
shape that improves the cruising speed of an aircraft can
be provided.
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[BRIEF DESCRIPTION OF THE DRAWINGS]

[0014]

FIG. 1 is a conceptual diagram of an aircraft accord-
ing to the present invention during cruising as viewed
from the side.
FIG. 2 is a functional block diagram of the aircraft of
FIG. 1.
FIG. 3 is a side view of the aircraft of FIG. 1 when
hovering.
FIG. 4 is a top view of the aircraft of FIG. 1 when
hovering.
FIG. 5 is a diagram showing a general airfoil.
FIG. 6 is a graph showing the lift force characteristics
of the airfoil of FIG. 5.
FIG. 7 is a graph showing the resistance character-
istics of the airfoil of FIG. 5.
FIG. 8 is a side view of the configuration example of
the aircraft according to the present invention when
cruising.
FIG. 9 is a side view of the aircraft of FIG. 8 when
hovering.
FIG. 10 is a top view of the aircraft of FIG. 8 when
hovering.
FIG. 11 is a schematic diagram showing the main
body shape of the aircraft of FIG. 8.
FIG. 12 is a graph showing the lift force characteris-
tics of the shape of FIG. 11.
FIG. 13 is a graph showing the resistance charac-
teristics of the shape of FIG. 11.
FIG. 14 is a side view of the configuration example
of the aircraft according to the present invention
when cruising.
FIG. 15 is a side view of the aircraft of FIG. 14 when
hovering.
FIG. 16 is a side view when a conventional aircraft
is cruising.
FIG. 17 is a side view when the conventional aircraft
of FIG. 16 is hovering.
FIG. 18 is a top view when the conventional aircraft
of FIG. 16 is hovering.

[DETAILED DESCRIPTION OF THE EMBODIMENTS]

[0015] The contents of the embodiments of the present
invention will be listed and described. The aircraft ac-
cording to the embodiment of the present invention has
the following configuration.

[Item 1]

[0016] An aircraft equipped with a plurality of rotary
blades including a propeller and a motor, wherein the
aircraft comprises a main body with an inverted airfoil
shape.

[Item 2]

[0017] The aircraft according to Item 1, wherein the
main body has an attack angle that does not generate a
lift force or generates a negative lift force during cruising.

[Item 3]

[0018] The aircraft according to Item 2, wherein the
main body has a positive attack angle of 12 degrees or
less during cruising.

[Item 4]

[0019] The aircraft as in any one of Items 1 to 3, further
comprising a mounting unit that can mount an object to
be mounted.

[Item 5]

[0020] The aircraft according to Item 4, wherein the
mounting unit is connected to the main body via a con-
nection unit.

[Item 6]

[0021] The aircraft according to Item 5, wherein the
connection unit keeps the mounting unit in a predeter-
mined posture.

[Item 7]

[0022] The aircraft according to Item 6, wherein the
predetermined posture is horizontal.

[Item 8]

[0023] The aircraft as in any one of Items 1 to 7, wherein
a moving blade is further provided in the main body.

<Details of Embodiments According to the Present in-
vention>

[0024] Hereinafter, an aircraft according to embodi-
ments of the present invention will be described with ref-
erence to the accompanying drawings.

<Details of First Embodiment>

[0025] As shown in FIG. 1, an aircraft 100 according
to an embodiment of the present invention includes a
flight unit 20 for performing flight that includes elements
such as at least a main body 10, a plurality of rotary blades
comprising a propeller 110 and a motor 111, a motor
mount and frame 21 that support the motor, and the like.
It is desirable that the aircraft is mounted with energy to
operate them (for example, secondary battery, fuel cell,
fossil fuel, etc.).

3 4 
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[0026] Further, the aircraft 100 shown in the figure is
drawn in a simplified manner for facilitating the explana-
tion of the structure of the present invention, and for ex-
ample, the detailed configuration of the control unit and
the like is not shown.
[0027] The aircraft 100 makes the direction of the arrow
D (-Y direction) in the figure as the travelling direction
(details will be described later).
[0028] Further, in the following explanation, the terms
may be selectively used according to the following defi-
nitions. front-rear direction: +Y direction and -Y direction,
up-down direction (or vertical direction): +Z direction and
Z direction, left-right direction (or horizontal direction): +X
direction and -X direction, travelling direction (forward):
-Y direction, reverse direction (backward): +Y direction,
ascending direction (upward): +Z direction, descending
direction (downward): -Z direction.
[0029] The propeller 110 receives an output from a mo-
tor 111 to rotate. The rotation of the propeller 110 gen-
erates a propulsive force for taking off the aircraft 100
from a starting point, moving and landing it at a destina-
tion. Further, the propeller 110 can rotate rightward, stop,
and rotate leftward.
[0030] The propeller 110 included in the aircraft of the
present invention has one or more blades. Any number
of blades (rotors) (e.g. 1, 2, 3, 4, or more blades) can be
used. Further, the shape of the blade can be any shape
such as a flat shape, a curved shape, a twisted shape,
a tapered shape, or a combination thereof. Further, the
shape of the blade can be changed (for example, expan-
sion/contraction, folding, bending, etc.). The blades may
be symmetrical (having the same upper and lower sur-
faces) or asymmetric (having different shaped upper and
lower surfaces). The blades can be formed into an airfoil,
wing, or geometry suitable for generating dynamic aer-
odynamic forces (e.g., lift, thrust) when the blades move
through the air. The geometry of the blades can be ap-
propriately selected to optimize the dynamic air charac-
teristics of the blades, such as increasing lift and thrust
and reducing drag.
[0031] Further, the propeller included in the aircraft of
the present invention may be a fixed pitch, a variable
pitch, or a mixture of a fixed pitch and a variable pitch,
without being limited thereto.
[0032] The motor 111 causes the rotation of the pro-
peller 110, and for example, the drive unit can include an
electric motor, an engine, or the like. The blades could
be driven by the motor and rotate around the rotary shaft
of the motor (e.g., the major axis of the motor).
[0033] The blades can all rotate in the same direction
or can rotate independently. Some of the blades rotate
in one direction and the other blades rotate in the other
direction. The blades can all rotate at the same rotation
speed or can rotate at different rotation speeds. The ro-
tation speed can be automatically or manually deter-
mined based on the dimensions (e.g., size, weight) and
control state (speed, moving direction, etc.) of the moving
body.

[0034] The aircraft 100 determines the rotation speed
of each motor, or the flight angle according to the wind
speed and the wind direction by a flight controller, a pro-
po, or the like. Thereby, the aircraft can perform move-
ments such as ascending, descending, accelerating, de-
celerating, and changing direction.
[0035] The aircraft 100 may perform autonomous flight
according to a route or rule set in advance or during flight,
or flight by manipulation using the propo.
[0036] The above-mentioned aircraft 100 has a func-
tional block shown in FIG. 2. In addition, the functional
block of FIG. 2 is a minimum reference structure. A flight
controller is a so-called processing unit. The processing
unit may have one or more processors, such as a pro-
grammable processor (e.g., a central processing unit
(CPU)). The processing unit has a memory that is not
shown and it is possible to access the memory. The mem-
ory stores logic, codes, and/or program instructions that
can be executed by the processing unit for performing
one or more steps. The memory may include, for exam-
ple, a separable medium such as an SD card or random
access memory (RAM) or an external storage device.
Data obtained from cameras and sensors may be trans-
mitted directly to the memory and stored. For example,
still image · dynamic image data taken by a camera or
the like is recorded in a built-in memory or an external
memory.
[0037] The processing unit includes a control module
configured to control the state of the rotorcraft. For ex-
ample, the control module may control a propulsion
mechanism (such as a motor) in order to adjust the spatial
arrangement, velocity, and/or acceleration of the ro-
torcraft having six degrees of freedom (translational mo-
tions x, y, and z, and rotational motions θx, θy, and θz).
The control module can control one or more of the states
of a mounting unit and sensors.
[0038] The processing unit can communicate with a
transmission/reception unit configured to transmit and/or
receive data from one or more external devices (e.g., a
terminal, display device, or other remote controller). The
transceiver can use any suitable communication means
such as wired or wireless communication. For example,
the transmission/reception unit can use one or more of
a local area network (LAN), a wide area network (WAN),
infrared, wireless, WiFi, pointto-point (P2P) network, tel-
ecommunication network, cloud communication, and the
like. The transmission/reception unit can transmit and/or
receive one or more of, data acquired by sensors, proc-
ess results generated by the processing unit, predeter-
mined control data, user command from a terminal or a
remote controller, and the like.
[0039] Sensors according to the present embodiment
may include inertial sensors (acceleration sensors, gyro
sensors), GPS sensors, proximity sensors (e.g., LiDAR),
or vision/image sensors (e.g., cameras).
[0040] As shown in FIG. 1 and FIG. 3, the flight unit 20
included in the aircraft 100 according to the embodiment
of the present invention has an angle inclined forward
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toward the traveling direction during travelling. The for-
ward inclined rotor creates lift in the upward direction and
thrust in the travelling direction, whereby the aircraft 100
moves forward.
[0041] The aircraft 100 includes a main body that can
include a processing unit or a battery to be mounted, a
mounted object, and the like. The main body 10 is fixedly
connected to the flight portion 20, and the posture of the
main body 10 changes as the posture of the flight portion
20 changes. In the posture of the aircraft 100 during cruis-
ing, which is expected to be maintained for a long time
during the movement of the aircraft 100, the flight time
is effectively shortened by optimizing the shape of the
main body 10 and improving the speed.
[0042] It is desirable that the main body 10 includes an
outer skin that has a strength capable of withstanding
flight and takeoff and landing. For example, plastic, FRP,
and the like have rigidity and waterproofness, and are
therefore suitable as materials for the outer skin. These
materials may be the same materials as the frame 21
(including an arm) included in the flight portion 20 or may
be different materials.
[0043] Further, the motor mount, the frame 21, and the
main body 10 included in the flight portion 20 may be
configured by connecting each component, or may be
molded so as to be integrated by using a monocoque
structure or an integral molding (for example, the motor
mount and the frame 21 are integrally molded, the motor
mount, the frame 21 and the main body 10 are integrally
molded, etc.). By integrating the parts, it becomes pos-
sible to smooth the joints of each part, and thus it is ex-
pected that the aircraft such as the blended wing body
and the lifting body has reduced drag and improved fuel
efficiency.
[0044] The shape of the main body 10 included in the
aircraft 100 is a shape with less drag and less unneces-
sary lift (the "reverse airfoil" shape described below) in
the posture when the aircraft 100 is cruising. More pref-
erably, it may be a shape with still less drag (for example,
streamline), and the lift force generated may be in the
negative direction. In FIG. 1, the negative lift force by the
main body 10 is shown.
[0045] FIG. 5 shows an example of an airfoil (Gottingen
508). For example, in a general airfoil A used for gener-
ating a lift force, such as the main body 10 of the con-
ventional airframe shown in FIG. 16 and the like, a cam-
ber line 13 has a curved shape in which the central portion
is convex upward (hereinafter collectively referred to as
arch shape), and the amount of the camber line 13 above
the blade chord 12 is large, or all of them are an upper
side of the blade chord 12. On the other hand, in the
airfoil B in which the general airfoil A is turned upside
down, such as the main body 10 of the present invention
shown in FIG. 1, the camber line 13 has an inverted arch
shape, and the amount of the camber line 13 on the lower
side of the blade chord 12 is large, or all of them are on
the lower side of the blade chord 12. Like this airfoil B,
the camber line 13 has an inverted arch shape, and a

shape in which the camber line 13 has a large amount
of the lower side than the blade chord 12 or is all lower
than the blade chord 12 is hereinafter collectively referred
to as an inverted airfoil shape.
[0046] FIG. 6 and FIG. 7 show the lift and drag char-
acteristics of airfoils A and B in FIG. 5 relative to a stand-
ard atmosphere of approximately 10 m/s, respectively.
Ideally, the drag of the main body 10 should be small and
thus, for example, when the lift force at the attack angle
where the maximum drag is 0.04 or less or 0.03 or less
(the maximum allowable drag can be set as appropriate)
is referred to for each of the airfoil A and the airfoil B, the
airfoil B, which is an inverted airfoil, has a smaller lift than
the airfoil A as shown in FIG. 6. That is, it can be said
that the inverted airfoil shape has less drag and less un-
necessary lift than other shape (particularly airfoil shape).
Particularly, it is shown that in the inverted airfoil shape,
even a positive attack angle does not generate a positive
lift, or generates a negative lift (in FIG. 6, it can be seen
that a positive lift is not generated if the positive attack
angle is about 12 degrees or less). Further, as shown in
FIG. 6, even in the airfoil A, there is an attack angle range
that does not generate a positive lift force or generates
a negative lift force, but as shown in FIG. 7, the drag is
greatly increased, so that the efficiency of forward move-
ment is reduced.
[0047] Therefore, if the shape of main body 10 included
in the aircraft 100 moving forward is an inverted airfoil
shape, the drag by the main body 10 is small and the
unnecessary lift is also small, so that the efficiency at the
time of forward movement is improved.
[0048] More preferably, the shape of the main body 10
may be an inverted airfoil, and the aircraft 100 may have
an attack angle that does not generate a lift force in the
posture at the time of cruising. In this case, since a lift
force by the main body of the conventional airframe is
not generated, it is not necessary to suppress the rotation
speed of the rotary blade during cruising and does not
reduce the cruising speed of the aircraft. More preferably,
when the shape of the main body 10 is an attack angle
in which the aircraft 100 has an inverted airfoil shape and
generates a negative lift force in the posture during cruis-
ing, the lift force due to the rotor is suppressed compared
to the case where lift force is not generated, so that the
lift force is allowed to increase as the number of revolu-
tions increases, and at the same time, the increased
thrust makes it possible to improve the cruising speed of
the aircraft.
[0049] As shown in FIGS. 8 to 10, since the aircraft
100 is used, for example, for the purpose of transporting
luggage such as home delivery, it may be provided with
a mounting unit 30 that can be mounted by storing the
mounted object (transport object) inside. Further, the
mounting unit 30 is connected via a connection unit 31
such as a rotation shaft or a gimbal having one or more
degrees of freedom so that the mounting unit 30 can be
displaced independently of the main body 10 and the
flight unit 20, so that the mounting unit 30 and the con-
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tained object to be transported can be kept in a prede-
termined attitude (for example, horizontal) regardless of
the posture of the aircraft 100.
[0050] When the posture of the mounting unit 30 is
maintained more actively, a sensor for detecting the an-
gle, a motor, a servo, or a mechanism for maintaining
the posture of the mounting unit can be used. The position
of the connection unit 31 by the gimbal can be provided
above the center of gravity of the mounting unit 30, and
the posture may be maintained by using the own weight
of the mounting unit 30.
[0051] As shown in the schematic diagram shown in
FIG. 11, the airfoil D such as the main body 10 of the
aircraft 100 in FIG. 8 has a camber line 13 having an
inverted arch shape, and the camber line 13 has an in-
verted airfoil shape on the lower side of the blade chord
12, and the same effect as the above-mentioned airfoil
B can be obtained. As another example of the airfoil A,
the airfoil C in which the airfoil D is turned upside down
is used for comparison.
[0052] FIG. 12 and FIG. 13 show the lift and drag char-
acteristics, respectively, of airfoil shapes C and D in FIG.
11 relative to an atmosphere of approximately 10 m/s in
standard air. From these graphs, in the attack angle with-
in the same drag range (for example, maximum drag of
0.04 or less, 0.03 or less, etc.), the airfoil D, which is an
inverted airfoil, has a smaller lift than the airfoil C. There-
fore, even in the aircraft object provided with the reverse
airfoil-shaped main body of FIG. 11, it is possible to sup-
press unnecessary lift and suppress an increase in drag.
[0053] Because the lift characteristics and resistance
characteristics shown by the main body 10 during cruis-
ing change depending on various factors such as the
cruising speed, the shape and size of the main body, etc.,
it is desirable that the shape of the main body is deter-
mined in consideration of the application of the aircraft
and the operating environment. At this time, by selecting
a shape that has less unnecessary lift (furthermore, a
negative lift is generated) and a shape that can be
achieved with a smaller increase in drag, the forward
speed of the aircraft is efficiently improved.

<Details of Second Embodiment>

[0054] In the details of the second embodiment accord-
ing to the present invention, the components overlapping
with the first embodiment perform the same or the similar
operation, and thus, the description thereof will be omit-
ted again.
[0055] As shown in FIGS. 14 and 15, the main body
10 may include a moving blade 11. By deploying the mov-
ing blade 11 and giving it the role of a spoiler, it is possible
to reduce the lift force generated by the main body 10.
For example, as shown in FIGS. 5 and 11, in a state in
which the rotary blade 11 is not deployed, even in a shape
with a large positive lift, the main body 10 has a shape
that reduces unnecessary lift force by deploying the mov-
ing blade 11, more preferably does not generate a lift

force, and even more preferably produces negative lift
force. In particular, for an air vehicle whose cruising
speed is low (for example, an air speed of about 10 km/h),
a method of using the main body 10 having the moving
blade 11 in a shape that emphasizes the amount of de-
crease in drag rather than the amount of decrease in the
amount of positive lift is preferable.
[0056] In addition, the moving blades 11 may be further
provided on the main body 10 that does not generate
positive lift even if the moving blades do not deploy, there-
by further increasing the negative lift.
[0057] The configuration of the aircraft in each embod-
iment can be implemented by combining a plurality of
them. It is desirable to consider an appropriate configu-
ration according to the cost of producing the aircraft and
the environment and characteristics of the place where
the aircraft is operated.
[0058] The above-mentioned embodiments are mere-
ly examples for facilitating the understanding of the
present invention and are not intended to limit the present
invention. It goes without saying that modification and
improvement can be made to the present invention with-
out departing from the gist thereof, and the equivalents
are included within the scope of the present invention.

[Description of Reference Numerals]

[0059]

10: main body
11: moving blades
12: blade chord line
13: camber line
20: flight unit
21: frame
30: mounting unit
31: connection unit
100: aircraft
110a∼110h: propeller
111a∼111h: motor

Claims

1. An aircraft equipped with a plurality of rotary blades
including a propeller and a motor, wherein the aircraft
comprises a main body with an inverted airfoil shape.

2. The aircraft according to claim 1, wherein the main
body has an attack angle that does not generate a
lift force or generates a negative lift force during
cruising.

3. The aircraft according to claim 2, wherein the main
body has a positive attack angle of 12 degrees or
less during cruising.

4. The aircraft as in any one of claims 1 to 3, further
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comprising a mounting unit that can mount an object
to be mounted.

5. The aircraft according to claim 4, wherein the mount-
ing unit is connected to the main body via a connec-
tion unit.

6. The aircraft according to claim 5, wherein the con-
nection unit keeps the mounting unit in a predeter-
mined posture.

7. The aircraft according to claim 6, wherein the pre-
determined posture is horizontal.

8. The aircraft as in any one of claims 1 to 7, wherein
a moving blade is further provided in the main body.
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